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Description 
Technical Field 

[0001] The present invention relates to environmental 
control systems for providing conditioned air to loads 
such as aircraft cabins, and especially relates to envi- 
ronmental control systems utilizing turbine driven air cy- 
cle machines to provide pressurized, dehumidified, 
cooling air. 



Background of the Invention 

[0002] Pressurized environments such as aircraft 
passenger cabins are maintained at a desired air pres- 
sure, temperature and humidity by a constant supply of 
conditioned air. Typically the conditioned air is supplied 
to the cabin or load by an environmental control system 
having an air cycle machine that has a combination of 
mechanical components and heat transfer components. 
For example, a common air cycle machine has mechan- 
ical components consisting of typically a fan, compres- 
sor and turbine, wherein the moving parts of the fan, 
compressor and turbine are mechanically connected to- 
gether by a single shaft, in a well known manner. The 
heat transfer components of such an environmental 
control system typically consist of a primary and sec- 
ondary heat exchanger, a reheater and a condenser 
with a water collector. Fluid transfer lines and ducts pass 
supply air to be conditioned and a heat transfer fluid 
through the mechanical and heat transfer components 
of the environmental control system to supply the con- 
ditioned air to the load. 

[0003] In an aircraft operating environment utilizing 
such an air cycle machine in the aircraft's environmental 
control system to provide conditioned air to the aircraft 
cabin, flight deck, etc., supply air such as compressed, 
heated bleed air is typically directed or bled from a com- 
pressor stage of a gas turbine engine on the aircraft into 
the air cycle machine to be conditioned. The bleed or 
supply air is first passed in heat exchange relationship 
within a primary heat exchanger with a cooling fluid such 
as ram or ambient air Next the supply air is compressed 
in the air cycle machine's compressor; passed again in 
heat exchange relationship with the cooling fluid within 
a secondary heat exchanger; and directed into the ma- 
chine's turbine. Work done on the turbine by the com- 
pressed supply air causes a shaft mechanically secured 
to the turbine to rotate, and the shaft aids in driving a 
rotor of the compressor and in spinning the fan which is 
typically positioned within the flow of the cooling fluid or 
ram air. Ultimately the supply air having been expanded 
and hence cooled within the turbine is discharged to the 
load, in a manner well known in the art. 
[0004] Many improvements on the basic operation of 
air cycle machine driven environmental control systems 
have been developed to increase their efficiency, and 
decrease operating penalties on the aircraft. For exam- 



ple, recirculated load or cabin air has been injected 
downstream of the turbine discharge to augment turbine 
discharge air, thereby enabling delivery of higher condi- 
tioned airflow rate. Additionally, reheaters and condens- 
5 ers with water collectors have been positioned in heat 
exchange relationship with the supply air to enhance re- 
moval of moisture from the supply air, while decreasing 
the proportion of moisture entering the turbine. These 
and many other improvements are disclosed in U.S. 
10 Patent Nos. 4,209,993 and 4,374,469 to Rannenberg; 
4,430,867 and 4,445,342 to Warner; and 5,461,882 to 
Zywiak : all of which are hereby incorporated herein by 
reference and all of which are assigned to the same as- 
signee as that of the integrated environmental control 
15 system invention described herein. 

[0005] In the working environment of an aircraft, two 
design parameters dictate the work capacity of compo- 
nents of an environmental control system. Those two 
design parameters are first the volume and pressure re- 
20 quirements of the load, and second, system redundancy 
requirements. Because maintaining proper pressuriza- 
tion of the load (e.g., passenger cabin, flight deck, etc.), 
is critical for safe operation of the aircraft, modern envi- 
ronmental control systems are designed to include a re- 
25 dundancy capacity in the event of failure of components 
of the environmental control system. The most common 
redundancy structure is to have two or more air cycle 
machines working in parallel, wherein the conditioned 
air output of each machine is directed to a mixer unit 
30 prior to entering the load. A common system uses two 
air cycle machines and is referred to in the art as a "Two 
Pack ECS". Such a system is known from GB-A-1 083 
574. 

[0006] In the event a compressor, turbine, etc. of one 
35 air cycle machine fails, that machine, or pack, is auto- 
matically shut down, and the surviving pack operates in 
a redundant operating mode to provide conditioned air 
to the load at a degraded performance level. The mini- 
mum or degraded performance requirements of the load 
40 for conditioned air therefore become design limitations 
for each of the air cycle machines of such a Two Pack 
ECS. In other words, each air cycle machine must have 
an operating capacity that can sustain the degraded per- 
formance requirements of a specific aircraft's load. 
45 While the degraded performance of such an environ- 
mental control system is capable of allowing the aircraft 
to continue to its planned destination with no interrup- 
tion, repair or replacement of the environmental control 
system is often mandated prior to a subsequent flight. 
so [0007] Consequently, optimum dispatch ability of the 
aircraft is hindered by known environmental control sys- 
tems. Moreover, because of structural limitations, 
known environmental control systems necessarily in- 
volve high volume, high weight, and high manufacturing 
55 cost to satisfy system redundancy requirements. 

[0008] Accordingly, it is the general object of the 
present invention to provide an integrated environmen- 
tal control system that overcomes the volume, weight, 
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cost and dispatchability problems of the prior art. 
[0009] It is a more specific object to provide an inte- 
grated environmental control system that enhances de- 
graded system operating capacity during a redundant 
operating mode. 

[0010] It is another specific object to provide an inte- 
grated environmental control system that decreases to- 
tal amount of fluid transfer lines, ducts and related 
valves, thereby reducing a total number of potential 
points of system failure. 

[0011] It is yet another specific object to provide an 
integrated environmental control system that is more 
economical to produce, is capable of enhanced per- 
formance during a redundant operating mode, and is 
safer to operate than known systems. 
[0012] These and other objects and advantages of 
this invention will become more readily apparent when 
the following description is read in conjunction with the 
accompanying drawings. 

Disclosure of the Invention 

[0013] An integrated environmental control system is 
disclosed for providing conditioned supply air to loads 
such as a passenger cabin of an aircraft. The integrated 
environmental control system comprises first and sec- 
ond shaft means for mechanically compressing and 
colling the supply air. common heat transfer component 
means for cooling the supply air through heat exchange 
relationship with a cooling fluid, supply fluid delivery 
means that direct a supply air separately into the first 
and second shaft means and for delivering the supply 
air in common through the common heat transfer com- 
ponents to the load; and shutoff valve means for selec- 
tively shutting off delivery of the supply aire to either the 
first or second shaft means whenever the valve means 
detects an interruption in the flow of cooled supply air 
out of either the first or the second shaft means, so that 
the supply air continues to be conditioned by the non- 
interrupted shaft means and the common heat transfer 
component means. 

[0014] In a particular, further embodiment, the inte- 
grated environmental control system has a first shaft 
having mechanically secured thereto a first fan, first 
compressor and first turbine; and a second shaft having 
mechanically secured thereto a second fan, second 
compressor and second turbine. A supply air, such as 
compressed, heated bleed air from a compressor stage 
of the aircraft's gas turbine engines is directed through 
a common primary heat exchanger in heat exchange re- 
lationship with a cooling fluid such as ram or ambient 
air. The ram air is also in fluid communication with the 
first and second fans. Next the supply air is directed 
through separate fluid lines to the first and second com- 
pressors to be compressed, and then back in common 
fluid lines to a common secondary heat exchanger in 
heat exchange relationship with the cooling fluid. The 
compressed supply air is directed in common fluid lines 



through a common reheater. and common condenser 
with a water collector, back through the common reheat- 
er. and next directed through separate lines into the first 
and second turbines to be cooled upon decompression 

5 and to do work in the turbine causing the turbines to ro- 
tate their respective shafts and moving parts of the com- 
pressor and fan secured to each shaft. The cooled sup- 
ply air then leaves the first and second turbines to be 
mixed together and become a secondary cooling fluid 

10 within the condenser before finally being directed into 
the load or passenger cabin as conditioned air. 
[0015] First and second shutoff valves are positioned 
on first and second turbine feed lines between the com- 
mon reheater and first and second turbine, so that upon 

15 failure of any of the non-common components, such as 
any of the components mechanically secured to either 
the first or second shaft, the first or second shutoff valve 
will shut off further transfer of the supply air into the tur- 
bine on that failed shaft, thereby stopping further condi- 

20 tioning of the supply air by the mechanical components 
of the failed shaft. The integrated environmental control 
system then continues to operate in such a redundant 
operating mode as the supply air continues to pass 
through and be conditioned by the compressor and tur- 

25 bine of the non-failed, or surviving shaft, and the com- 
mon primary and secondary heat exchangers, common 
reheater, and common condenser. 
[0016] The heat exchange capacity of the integrated 
environmental control system's heat transfer compo- 

30 nents must be sufficiently large to satisfy specific con- 
ditioned air requirements of the load for which the sys- 
tem is designed. Therefore, when the integrated envi- 
ronmental control system is operating in the redundant 
operating mode, the supply air is exposed to the total 

35 heat exchange capacity of the common primary and 
secondary heat exchangers, common reheater, and 
common condenser. Consequently, the integrated envi- 
ronmental control system of the present invention offers 
enhanced performance in the redundant operating 

40 mode compared to common "Two Pack ECS" systems, 
or compared to any multi-shaft, parallel systems having 
fans, compressors, turbines of the same size or operat- 
ing capacity as those of the present invention. By inte- 
grating heat transfer components, the present invention 

45 necessarily has a greater proportion of heat exchange 
surface areas available during the redundant operating 
mode than known environmental control systems. Ac- 
cordingly, compared to the prior art, the integrated en- 
vironmental control system of the present invention of- 

so fers increased operating performance, decreased 
weight, size (or installation envelope), and cost, while 
also providing a decreased total number of components, 
fluid transfer fines and related varves, thereby decreas- 
ing the total number of potential points of system failure, 

55 thereby increasing system reliability. 
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Brief Description of the Drawings 

[0017] Figure 1 is a schematic representation of an 
integrated environmental control system of the present 
invention. 

[0018] Figure 2 is a simplified schematic representa- 
tion of a prior art environmental control system. 

Best Mode for Carrying Out the Invention 

[001 9] Referring to the drawings in detail, an integrat- 
ed environmental control system of the present inven- 
tion is shown in FIG. 1 , and generally designated by the 
reference numeral 1 0. A prior art environmental control 
system generally characterized in the art as a "Two Pack 
ECS" is shown in a simplified schematic representation 
in FIG. 2, and is designated by the reference numeral 
12. The Two Pack ECS 12 includes an A-side shaft 14 
to which are mechanically secured an A-side fan 1 6, A- 
side compressor 18, and A-side turbine 20, a B-side 
shaft 22 to which are mechanically secured a B-side fan 
24, B-side compressor 26, B-side turbine 28. An A-side 
primary heat exchanger 30 and an A side secondary 
heat exchanger 32 are secured within an A side ram air 
duct 34 that directs ram or ambient air as a cooling fluid 
through the duct 34, which is also in fluid communication 
with the A-side fan 1 6. A B-side primary heat exchanger 
36 and a B-side secondary heat exchanger 38 are se- 
cured within a B-side ram air duct 40 that directs ram or 
ambient air as a cooling fluid through the duct 40, which 
is also in fluid communication with the B-side fan 24. An 
A-side reheater 42 and A-side condenser 44 are in fluid 
communication with an A-side water collector 46, while 
similarly a B-side reheater 48 and B-side condenser 50 
are in fluid communication with a B-side water collector 
52. 

[0020] An A-side supply fluid line 54 directs a supply 
air such as bleed air from compressor stages of a gas 
turbine engine (not shown), sequentially through the A- 
side primary heat exchanger 30, compressor 18, sec- 
ondary heat exchanger 32, reheater 42, condenser 44, 
and water collector 46 and turbine 20 so that the supply 
air is conditioned to satisfy air pressure, temperature 
and humidity requirements of an aircraft cabin or load 
56. A B-side supply fluid line 58 similarly directs the sup- 
ply air sequentially through the B-side primary heat ex- 
changer 36, compressor 26, secondary heat exchanger 
38, reheater 48, condenser 50, and water collector 52 
and turbine 28. The A-side fluid line directs the condi- 
tioned air from the A-side turbine 20 through the A-side 
condenser and into a mixer 60 where the conditioned 
air from the A-side turbine 20 is mixed with conditioned 
air directed from the B-side turbine 28 through the B- 
side supply fluid line 58. The mixed, conditioned supply 
air is directed from the mixer 60 through a joint cabin 
induction line 62 out of the Two Pack ECS 12 and into 
the aircraft cabin 56. After an exposure period within the 
cabin 56, a cabin return line 64 directs a portion of the 



cabin air back to the Two Pack ECS 1 2 by way of an A- 
side recirculation line 66 and a B-side recirculation line 
68 separately into the A-side supply fluid line 54 and B- 
side supply fluid line 58 at points on those fluid lines 54, 
5 58 immediately downstream of the A-side turbine 20 and 
B-side turbine 28 to melt any accumulated ice therein, 
in a manner well known in the art. 
[0021] In the event any of the "A-side" components 
listed above fail so that the output of conditioned supply 
10 air from the A-side supply fluid line is interrupted, the 
output of conditioned supply air from the "B-side" com- 
ponents must be adequate to satisfy degraded require- 
ments of the aircraft passenger cabin or load 56. Those 
degraded requirements would permit the aircraft to con- 
15 tinue its flight to a planned destination as the "B-side", 
or non-interrupted side components perform in a redun- 
dant operating mode. As is apparent, when the prior art 
Two Pack ECS 12 is operating in such a redundant op- 
erating mode it only has available at most one-half of 
20 the total heat exchange surface areas of its many heat 
transfer components, those components including the 
A-side and B-side primary and secondary heat ex- 
changers 30, 32, 36, 38 and the A side and B-side re- 
heaters and condensers 42, 44, 48, 50. 
25 [0022] As best seen in FIG. 1, a preferred embodi- 
ment of the integrated environmental control system 10 
of the present invention includes a first shaft means for 
mechanically compressing and cooling a supply air such 
as first shaft 70 having mechanically secured thereto as 
30 mechanical components a first fan 72, a first compres- 
sor 74, and a first turbine 76; a second shaft means for 
mechanically compressing and cooling a supply air, 
such as second shaft 78 having mechanically secured 
thereto as mechanical components a second fan 80, a 
35 second compressor 82, and a second turbine 84; com- 
mon heat transfer component means for cooling and 
controlling the humidity of a supply air through heat ex- 
change relationship with a cooling fluid such as a com- 
mon primary heat exchanger 86, a common secondary 
40 heat exchanger 88, a common reheater 90, and a com- 
mon condenser 92; a supply fluid delivery means for de- 
livering a supply air separately into mechanical compo- 
nents of the first shaft means and the second shaft 
means and for delivering the supply air in common 
45 through the common heat transfer component means to 
a load that receives the conditioned air, such as supply 
fluid line 94; and shutoff valve means for selectively 
shutting off delivery of the supply air to either the first 
turbine 76 or second turbine 84 in the event of any in- 
50 terruption in flow of cooled supply air flowing out of either 
the first turbine 76 or second turbine 84, such as first 
shutoff valve 96 and second shutoff valve 98, so that the 
suppry arr continues to be conditioned by mechar\\ca\ 
components of the non-interrupted or surviving shaft 
55 means and by heat transfer components of the common 
heat transfer component means. 

[0023] The integrated environmental control system 
1 0 also includes a ram air duct 1 00 housing the common 
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primary and secondary heat exchangers 86, 88. A re- 
ceiving end 1 04 of the ram air duct 1 00 receives ram air 
as a cooling fluid from a source (not shown) outside of 
the integrated environmental control system 10, such as 
ambient air outside of an aircraft housing the system 1 0. 
A first fan housing 106 of the ram air duct 100 receives 
the ram air downstream of the common primary and sec- 
ondary heat exchangers 86, 88 and is structured to 
house the first fan 72 so that rotation of the first fan 72 
by the first shaft assists movement of the ram air through 
the ram air duct 100. Similarly, a second fan housing 
1 08 houses the second fan 80 downstream of the com- 
mon primary and secondary heat exchangers 86, 88 so 
that rotation of the second fan 80 assists movement of 
the ram air through the ram air duct 1 00. A first ram dis- 
charge check valve 11 0 is positioned downstream of the 
first fan 72 within the first fan housing 106 so that no 
fluids or foreign objects are drawn into the first fan hous- 
ing 106 in the event the first fan 72 is not spinning while 
the second fan 80 is operating. A second ram discharge 
check valve 1 1 2 is positioned downstream of the second 
fan within the second fan housing 108 so that no fluids 
orforeign objects are drawn into the second fan housing 
1 08 in the event the second fan 80 is not spinning while 
the first fan 72 is operating. The first and second fan 
housings 1 06, 1 08 are structured to permit discharge of 
the ram air passing through the ram air duct 100 out of 
the integrated environmental control system 10, or 
"overboard" of an aircraft housing the system 10, as in- 
dicated by the common abbreviations "OVBD" shown in 
FIG. 1. 

[0024] The supply fluid line 94 includes a supply inlet 
114 that receives and introduces a supply air such as 
"Bleed Air" (as shown in FIG. 1) into the integrated en- 
vironmental control system 10. Typically the supply air 
is hot. compressed bleed air directed from the compres- 
sor stages or a gas turbine engine (not shown) or an 
auxiliary power unit (not shown) in a manner well known 
in the art. A main supply valve 1 1 6 regulates flow of the 
supply air beyond the supply inlet 114 and into a com- 
mon primary heat exchanger line 1 18. which directs the 
supply air into, through, and out of the common primary 
heat exchanger 86 where the supply air passes in heat 
exchange relationship with the ram cooling air. Next, the 
supply air is split into a first compressor line 119 that 
directs a portion of the supply air into, through and out 
of the first compressor 74. and into a second compres- 
sor line 1 20 that directs a remaining portion of the supply 
air into, through and out of the second compressor 82, 
where the supply air is compressed by the first and sec- 
ond compressors 74. 82 to a desired pressure in a man- 
ner well known in the art. First compressor line 119 in- 
cludes a first compressor check valve 121. and second 
compressor line 120 includes a second compressor 
check valve 122 that prevent reverse flow of any supply 
air through the first or second compressor 74, 82 when 
normal supply air flow through either compressor is in- 
terrupted, such as when the first or second shut off 



valves 96, 98 have shut off flow of the supply air to either 
the first or second turbine 76, 84. 
[0025] After being compressed, the supply air flows 
out of the first and second compressor lines 119, 120 

5 into a common secondary heat exchanger line 1 24 that 

directs the supply air into the common secondary heat i* 
exchanger 88, where the supply air again passes in heat 
exchange relationship with the ram air. The supply air 
next leaves the common secondary heat exchanger 88 

w in a reheater feed line 1 26 that directs the supply air into 
and through the common reheater 90 and common con- 
denser 92, and into a water collector feed line 1 28 that 
directs the supply air into a water collector 130 (desig- 
nated "W/C" for convenience in FIG. 1 ). In the common 

15 condenser 92 the supply air passes in heat exchange 
relationship with cooled supply air discharged from the 
first and second turbines 76, 84 which causes a drop in 
temperature of the supply air within the common con- 
denser 92, thereby condensing moisture within the sup- 

20 p|y air. The condensed moisture is removed from the 
supply air in the water collector 130 in a manner well 
known in the art. Next a secondary reheater injection 
line 1 32 directs the supply air back into and through the 
common reheater 90 wherein the supply air passes as 

25 a secondary cooling fluid in heat exchange relationship 
with the supply air passing through the common reheat- 
er 90 within the reheater feed line 126. The supply air 
within that reheater feed line 126 has not been cooled 
within the common condenser 92, so it is at a higher 

30 temperature than the supply air within the secondary re- 
heater injection line 132. Consequently, the supply fluid 
in that secondary reheater injection line 132 absorbs 
some of the heat from the supply air in the reheaterfeed 
line 126, which causes any entrained moisture in a va- 

35 por form within the supply air to change to a gas phase 
prior to entering the first or second turbines 76, 84, 
thereby minimizing moisture damage to the turbines. 
[0026] The supply air then moves out of the second- 
ary reheater injection line 1 32 into a reheater discharge 

40 line 1 34 where the supply air is again split so that a por- 
tion flows into a first turbine feed line 136 that directs 
that portion into the first turbine 76, while the remaining 
portion of supply air passes into a second turbine feed 
line 1 38 that directs that remaining portion into the sec- 

45 ond turbine 84. Within the first and second turbines 76, 
84 the separate portions of supply air are decompressed 
and hence cooled, and simultaneously perform work on 
the turbines 76, 84 causing the first turbine 76 to rotate 
the first shaft 70 and the second turbine 84 to rotate the 

so second shaft 78 in a manner well known in the art. The 
portion of supply air within the first turbine 76 passes 
out of the first turbine within a first turbine discharge lino 
140 and the remarnfng portion of the suppfy air within 
the second turbine 84 passes out of the second turbine 

55 within a second turbine discharge line 142. 

[0027] The first and second turbine discharge lines 
1 40, 1 42 direct the separate portions of supply air to mix 
together again within a common condenser housing 
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144, where the supply air serves as a tertiary cooling 
fluid lor that portion of the supply air in the reheater feed 
line 126 that is within the common condenser 92. The 
cooled supply air then passes out of the common con- 
denser housing 1 44 and into a common cabin induction 
line 146 that directs the then conditioned supply air into 
the aircraft cabin 56 (as designated by the phrase "Cab- 
in Supply" in FIG. 1). 

[0028] A cabin recirculation line 1 48 directs supply air 
that has been in the aircraft cabin 56 for a duration of 
time, in a well known manner (as designated by the 
phrase "Cabin Return" in FIG. 1), from the cabin 56 to 
the common condenser housing 1 44, in order to reduce 
some of the total load requirements on the integrated 
environmental control system 10, depending upon the 
varying aircraft pressure requirements and ram air con- 
ditions, which are a function of the aircraft's particular 
operating environment. For example while boarding 
passengers or at low altitudes the cabin pressurization 
requirements and ram air temperatures differ markedly 
from the pressurization requirements and ram air tem- 
peratures while at a cruise altitude of modern aircraft. 
As is well known in the art, varying recirculation of cabin 
air into the supply air delivered by an environmental con- 
trol system assists in lowering total ram air require- 
ments, etc. 

[0029] A system bypass line 150 is in fluid communi- 
cation with the supply fluid line 94 between the main 
supply valve 116 and the common primary heat ex- 
changer 86. The system bypass line 150 directs a by- 
pass portion of the supply air through a bypass control 
valve 152 and then into a first turbine bypass line 154 
and a separate second turbine bypass line 1 56. The first 
turbine bypass line 154 directs some of the bypass por- 
tion of the supply air into the first turbine discharge line 
140, while the second turbine bypass line 156 directs 
the remainder of the bypass portion of the supply air into 
the second turbine discharge line 142. By regulation of 
the bypass control valve 1 52 in a manner well known in 
the art, variable amounts of the pressurized, heated 
bleed air that serves as the supply air may be injected 
directly downstream of the first and second turbines 76, 
84 to both melt any accumulated ice and also to regulate 
the temperature of the supply air leaving the turbines 
76, 84. 

[0030] The shutoff valve means for selectively shut- 
ting off delivery of supply air to either the first turbine 76 
or the second turbine 84 includes detecting means for 
detecting any interruption in the flow of cooled supply 
air flowing out of either the first or second turbines 76, 
84. The detecting means is in electrical communication 
with both a first shut off valve actuator 158 that controls 
the first shut off valve 96 and a second shut off valve 
actuator 1 60 that controls the second shut off valve 98, 
and could comprise any of a variety of known detecting 
mechanisms commonly used to monitor and isolate a 
failed portion of an environmental control system, such 
as a first compressor temperature monitor 1 62 that mon- 



itors temperature changes of the supply air entering and 
leaving the first compressor 74 and a second compres- 
sor temperature monitor 1 64 that monitors temperature 
changes of the supply air entering and leaving the sec- 
5 ond compressor 82. 

[0031] In operation of the integrated environmental 
control system 1 0 of the present invention, because the 
mechanical components (the first and second fan 72, 
80, the first and second compressor 74, 82, and the first 
10 and second turbine 76, 84) are mechanically secured to 
their respective first or second shaft (meaning that rota- 
tion of the shaft rotates moving parts of the mechanical 
components secured to the shaft), failure of any one of 
the mechanical components secured to either the first 
15 or second shaft 70, 78 will necessarily effect mechanical 
performance of the compressor secured to the shaft. For 
example, if the first turbine 76 starts to rotate below its 
desired level due to an ordinary bearing deterioration 
within the turbine or for any reason , the first shaft 70 will 
20 also slow its rotation which in turn causes a slowing of 
the performance of the first compressor 74, which will 
effect the temperatures of the supply air leaving the first 
compressor 74. The first compressor temperature mon- 
itor 162 of the detecting means will sense the change 
25 from a desired temperature for the first compressor 74, 
and will automatically actuate the first shut off valve ac- 
tuator 158 to shut off the first shut off valve 96, thereby 
causing the supply air to stop performing work on the 
first turbine 76 resulting in cessation of rotation of the 
30 first shaft 70. In such a circumstance, the integrated en- 
vironmental control system 1 0 continues to supply con- 
ditioned air to the aircraft cabin 56 in a redundant oper- 
ating mode, wherein the supply air continues to be con- 
ditioned by both the mechanical components of the non- 
35 interrupted or surviving second shaft means (including 
the second fan 80, second compressor 82 and second 
turbine 84), and also by the heat transfer components 
(including the common primary and secondary heat ex- 
changers 86, 88, common reheater 90, and common 
40 condenser 92 and water collector 130) of the common 
heat transfer component means. 
[0032] The common heat transfer component means 
must have adequate heat transfer capacity to satisfy 
conditioned air requirements of the specific load for 
45 which a particular embodiment of the integrated envi- 
ronmental control system 10 is designed. Therefore, 
when the integrated environmental control system 10 is 
operating in its redundant operating mode utilizing the 
supply air conditioning capabilities of only the mechan- 
50 ical components of the surviving shaft means, the sup- 
ply air is still exposed to the total heat exchange capacity 
of the common heat transfer component means. Con- 
sequent the integrated envrrorrrnenlat control system 
10 offers enhanced performance in the redundant oper- 
55 ating mode compared to common non-integrated envi- 
ronmental control systems such as the Two Pack ECS 
12 shown in FIG. 2. Additionally, because of that en- 
hanced operating performance in the redundant oper- 
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ating mode, the integrated environmental control sys- 
tem 10 will be able to satisfy minimum conditioned air 
requirements of specific loads with mechanical compo- 
nents that have a smaller performance capacity than the 
mechanical components of known, non-integrated en- 5 
vironmental control systems. The integrated environ- 
mental control system 10 also offers a redundant oper- 
ating mode frequency (being defined for purposes here- 
in as the frequency of failure requiring operating of an 
environmental control system in a redundant operating io 
mode) that is at least as low as known non-integrated 
environmental control systems. That is because expe- 
rience in the art with known environmental control sys- 
tems demonstrates that failure is primarily associated 
with mechanical components (e.g., fans, compressors, 15 
and/or turbines) rather than heat transfer components, 
and the integrated environmental control system 10 in- 
cludes the same potential redundancy in mechanical 2. 
components as known non-integrated environmental 
control systems, while simplifying the heat transfer com- 20 
ponents and their related housings and feed/discharge 
lines. 

[0033] It is stressed that, while the integrated environ- 
mental control system 10 of the present invention has 
been described with respect to a preferred and particu- 25 
lar embodiment, the system 1 0 includes alternative em- 
bodiments. In particular, the shaft means described 
hereinabove may be modified for embodiments wherein 
no fan is secured to the shaft so that each shaft means 3. 
includes only a compressor and turbine mechanically 30 
secured thereto, and the ram air duct does not include 
specific fan housings. Another structural modification for 
an alternative embodiment is that more than two shaft 
means are utilized with a single common heat transfer 
component means. It will be understood by those skilled 35 
in the art, that additional, obvious structural modifica- 
tions can be made without departing from the invention. 
Accordingly, reference should be made only to the ac- 
companying claims rather than the foregoing specifica- 4. 
lion to determine the scope of the invention. We Claim: *o 



Claims 

1 . An integrated environmental control system (1 0) for 
providing conditioned supply air to a load, which 
comprises: 

a. first shaft means (70,72,74,76) for mechan- 
ically compressing and cooling the supply air; 50 

b. second shaft means (78,80,82,84) for me- 
chanically compressing and cooling the supply 5. 

air: 

c. common heat transfer component means 
(88.86,90,92) for cooling the supply air through 55 
heat exchange relationship with a cooling fluid; 

d. a supply fluid delivery means for delivering 
the supply air separately into the first shaft 



means (70,72,74,76) and the second shaft 
means (78,80,82,84) and for delivering the sup- 
ply air in common through the common heat 
transfercomponent means (86,88,90,92) to the 
load; and 

e. shut off valve means (98, 160, 95 158) for 
selectively shutting off delivery of the supply air 
to either the first shaft means (70,72,74,76) or 
the second shaft means (78,80,82,84) whenev- 
erthe shut off valve means (98, 1 60,95, 1 58) de- 
tects an interruption in flow of conditioned sup- 
ply air from either the first (70,72,74,76) or sec- 
ond (78,80,82 : 84) shaft means so that the sup- 
ply air continues to be conditioned by the non- 
interrupted shaft means and by the common 
heat transfer component means (86,88,90,92). 

The integrated environmental control system (10) 
of Claim 1, wherein the first shaft means 
(70,72,74,76) comprises a first shaft (70) having a 
first fan (72) a first compressor (74) and a first tur- 
bine (76) mechanically secured to the first shaft 
(70), and the second shaft means (78,80,82,84) 
comprises a second shaf (78) having a second fan 
(80), a second compressor (82) and a second tur- 
bine (84) mechanically secured to the second shaft 
(78). 

The integrated environmental control system (10) 
of Claim 2, wherein the common heat transfer com- 
ponent means (86.88,90,92) comprises a common 
primary heat exchanger (86) and a common sec- 
ondary heat exchanger (88) positioned within a duct 
(100) directing the cooling fluid in a heat exchange 
relationship with the supply air passing through the 
common primary heat exchanger (86) and the com- 
mon secondary heat exchanger (88) . 

The integrated environmental control system (10) 
of Claim 3, wherein the common heat transfer com- 
ponent means (86,88,90,92) further comprises a 
common reheater (90) positioned to pass com- 
pressed supply air in a heat exchange relationship 
with cooled supply air wherein the cooled supply air 
acts as a secondary cooling fluid, and a common 
condenser (92) positioned to pass the compressed 
supply air in a heat exchange relationship with de- 
compressed, cooled supply air wherein the decom- 
pressed, cooled supply air acts as a tertiary cooling 
fluid. 

The integrated environmental control system (10) 
of Claim 3, wherein the coofing fluid comprises ram 
air drawn from outside the integrated environmental 
control system (10) through a ram air duct (1 00) that 
houses the common primary heat exchange (86), 
common secondary heat exchange (88), the first 
fan (72) and the second fan (80),wherein rotation of 
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the first fan (72) and second fan (80) assists move- 
ment of the ram air through the common primary 
(86) and secondary heat exchangers (88). 

6. The integrated environmental control system (10) 5 
of Claim 2, wherein the supply fluid delivery means 
delivers the supply air in a first compressor line 

(1 1 9) to the first compressor (74) and in a separate 
second compressor line (120) to the second com- 
pressor (82), and for delivering the supply air in a 10 
first turbine feed line (136) to the first turbine (76) 
and in a separate second turbine feed line (138) to 
the second turbine (84), and for delivering the sup- 
ply air in common delivery lines through the com- 
mon heat transfer component means (86.88,90,92) '5 
to the load. 

7. The integrated environmental control system (10) 
of Claim 6, wherein the shuloff valve means com- 
prises: 20 

a. a first shut off valve (96) secured to the first 
turbine feed line (136) and a second shut off 
valve (98) secured to the second turbine feed 
line (138) for selectively shutting off delivery of 25 
the supply air to either the first turbine (76) or 
the second turbine (84); and 

b. a detecting means (162,164) in electrical 
communication with the first and second shut 

off valves (96,98) or selectively shutting off de- 30 
livery of the supply air to either the first turbine 
(76) or second turbine (84) to stop rotation of 
the first (70) or second shaft (78) whenever the 
detecting means (62,164) detects an interrup- 
tion in flow of the conditioned supply air from 35 
either the first turbine (76) or the second turbine 
(84) so that the supply air continues to be me- 
chanically compressed and cooled by the com- 
pressor (74.82) and turbine (76,84) on the ro- 
tating shaft (70 : 78) and continues to be cooled 40 
by the common heat transfer component 
means (86,88 : 90 ; 92) as the system (10) oper- 
ates in a redundant operating mode. 

8. The integrated environmental control system (10) 45 
of Claim 7 wherein the detecting means (162,164) 
comprises a first compressor temperature monitor 

(1 62) in electrical communication with the first com- 
pressor (74) and first shut off valve (96) for monitor- 
ing a temperature of the supply air within the first 50 
compressor (74) and shutting off the first shut off 
valve (96) upon detection of an undesired supply air 
temperature within the first compressor (74), and a 
second compressor temperature monitor (164) in 
electrical communication with the second compres- 55 
sor (82) and second shut off valve (98) for monitor- 
ing the temperature of the supply air within the sec- 
ond compressor (82) and shutting off the second 



shut off valve upon detection of an undesired supply 
air temperature within the second compressor (82) 

9. The integrated environmental control system (10) 
of Claim 8, wherein the common heat transfer com- 
ponent means (86,88,90,92) comprises a common 
primary heat exchanger (86) and a common sec- 
ondary heat exchange (88) positioned within a duct 
(100) directing the cooling fluid in a heat exchange 
relationship with the supply air passing through the 
common primary heat exchanger (86) and common 
secondary heat exchanger (88) 

10. The integrated environmental control system (10) 
of Claim 9, wherein the common heat transfer com- 
ponent means (86,88,90,94) further comprises a 
common reheater (90) positioned to pass com- 
pressed supply air in a heat exchange relationship 
with cooled supply air wherein the cooled supply air 
acts as a secondary cooling fluid, and a common 
condenser (92) positioned to pass compressed 
supply air in a heat exchange relationship with de- 
compressed, cooled supply air wherein the decom- 
pressed, cooled supply air acts as a tertiary cooling 
fluid. 

11. The integrated environmental control system (10) 
of Claim 10, wherein the cooling fluid comprises 
ram air drawn from outside the integrated environ- 
mental control system (10) through a ram air duct 
(100) that houses the common primary heat ex- 
changer (86), common secondary heat exchanger 
(88), and houses the first fan (72) within a first fan 
housing (1 06) and houses the second fan (80) with- 
in a second fan housing (1 08) so that rotation of the 
first fan (72) and second fan (80) pulls the ram air 
first through the common primary heat exchanger 
(86) and common secondary heat exchange (88) 
and then through the first fan housing (106) and 
second fan housing (108). 

12. The integrated environmental control system (1 0)of 
Claim 11 , wherein the first fan housing (106) further 
comprises a first ram discharge check valve (110) 
positioned downstream of the first fan (72) and the 
second fan housing (108) further comprises a sec- 
ond ram discharge check valve (112) positioned 
downstream of the second fan (80). 

13. The integrated environmental control system (10) 
of Claim 7, wherein the supply fluid delivery means 
includes a first compressor check valve (121) se- 
cured to the first compressor line (tt9) upsbream 
of the first compressor (74) that prevents reverse 
flow of any supply fluid through the first compressor 
(74) whenever the first compressor (74) is not op- 
erating while the system (10) is operating in the re- 
dundant operating mode, and the supply fluid deliv- 
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ery means also includes a second compressor 
check valve (122) secured to the second compres- 
sor line (120) upsbream of the second compressor 
that prevents reverse flow of any supply fluid 
through the second compressor (82) whenever the 
second compressor (82) is not operating while the 
system (10) is operating in the redundant operating 
mode. 

14. The integrated environmental control system (10) 
of Claim 13. wherein the detecting means (1 62,164) 
comprises a first compressor temperature monitor 
(1 62) in electrical communication with the first com- 
pressor (74) and first shut off valve (96)for monitor- 
ing a temperature of the supply air within the first 
compresso (74) and shutting off the first shut off 
valve (96) upon detection of an undesired supply air 
temperature within the first compressor (74), and a 
second compressor temperature monitor (164) in 
electrical communication with the second compres- 
sor (82) and second shut off valve (98) for monitor- 
ing the temperature of the supply air within the sec- 
ond compressor and shutting off the second shut 
off valve (98) upon detection of an undesired supply 
air temperature within the second compressor (82). 

15. The integrated environmental control system (10) 
of Claim 14, wherein the supply fluid line includes a 
first compressor check valve (121) secured to the 
firstcompressor line (11 9) upstream of the first com- 
pressor (74) that prevents reverse flow of any sup- 
ply fluid through the first compressor (74) whenever 
the first compressor (74) is not operating while the 
system (10) is operating in the redundant operating 
mode, and the supply fluid line also includes a sec- 
ond compressor check valve (122) secured to the 
second compressor line (1 20) upstream of the sec- 
ond compressor (82) that prevents reverse flow of 
any supply fluid through the second compressor 
(82) whenever the second compressor is not oper- 
ating while the system (10) is operating in the re- 
dundant operating mode. 

16. The integrated environmental control system (10) 
of Claim 15 further comprising a common reheater 
(90) positioned to pass compressed supply air in a 
heal exchange relationship with cooled supply air 
wherein the cooled supply air acts as a secondary 
cooling fluid, and a common condenser (92) posi- 
tioned to pass compressed supply air in a heat ex- 
change relationship with decompressed, cooled 
supply air wherein the decompressed, cooled sup- 
ply air acts as a tertiary cooling fluid. 

17. The integrated environmental control system (10) 
of Claim 16, wherein the ram air duct (100) includes 
a first fan housing (106) that houses the first fan (72) 
and includes a second fan housing (1 08) that hous- 



es the second fan (80) so that rotation of the first 
fan (72) and second fan (80) pulls the ram air cool- 
ing fluid first through the common primary heat ex- 
changer (86) and common secondary heat ex- 
5 changer (88) and then through the first fan housing 
(106) and second fan housing (108). 

18. The integrated environmental control system (10) 
of Claim 1 7, wherein the first fan housing (1 00) fur- 
to ther comprises a first ram discharge check valve 
(110) positioned downstream of the first far (72) and 
the second fan housing (108) further comprises a 
second ram discharge check valve (1 1 2) positioned 
downstream of the second fan (80). 

75 

Patentanspriiche 

1 . Integrierte Klimaanlage (1 0) zum Liefern von klima- 
20 tisierter Versorgungsluft an einen Verbraucher, wel- 

che umfaBt: 

a. eine erste Welleneinrichtung (70, 72, 74, 76) 
zum mechanischen Komprimieren und Kiihlen 

25 der Versorgungsluft; 

b. eine zweite Welleneinrichtung (78, 80, 82, 
84) zum mechanischen Komprimieren und 
Kiihlen der Versorgungsluft; 

c. eine gemeinsame Warmeubertragungsbau- 
30 teileinrichtung (86, 88, 90, 92) zum Kuhlen der 

Versorgungsluft durch Warmeaustauschbezie- 
hung mit einem Kuhlfluid; 

d. eine Versorgungsfluidliefereinrichtung zum 
Liefern der Versorgungsluft separat an die er- 

35 ste Welleneinrichtung (70, 72, 74, 76) und die 

zweite Welleneinrichtung (78, 80, 82, 84) und 
zum Liefern der Versorgungsluft gemeinsam 
uber die gemeinsame Warmeubertragungs- 
bauteileinrichtung (86, 88, 90, 92) an den Ver- 

40 braucher; und 

e. eine Absperrventileinrichtung (98, 160. 95, 
1 58) zum wahlweisen Absperren der Lieferung 
der Versorgungsluft an entweder die erste Wel- 
leneinrichtung (70, 72, 74, 76) Oder die zweite 

45 Welleneinrichtung (78, 80, 82, 84) immer dann, 

wenn die Absperrventileinrichtung (98, 1 60, 95, 
1 58) eine Unterbrechung in dem Strom von kli- 
matisierter Versorgungsluft aus entweder der 
ersten (70,72,74, 76) oder der zweiten (78, 80, 

so 82, 84) Welleneinrichtung erkennt, so da(3 die 

Versorgungsluft weiterhin durch die nicht unter- 
brochene Welleneinrichtung und durch die ge- 
meinsame WanTieu43ertragungsbautei!einrich- 
tung (86, 88, 90, 92) klimatisiert wird. 

55 

2. Integrierte Klimaanlage (10) nach Anspruch 1. wo- 
bei die erste Welleneinrichtung (70, 72, 74, 76) um- 
faBt eine erste Welle (70) mit einem ersten Geblase 
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(72), einem ersten Kompressor (74) und einer er- 
sten Turbine (76), die an der ersten Welle (70) me- 
chanisch befestigt sind ; und wobei die zweite Wel- 
leneinrichtung (78, 80, 82, 84) umfaBt eine zweite 
Welle (78) mit einem zweiten Geblase (80), einem 
zweiten Kompressor (82) und einerzweiten Turbine 
(84), die an der zweiten Welle (78) mechanisch be- 
festigt sind. 

3. Integrierte Klimaanlage (1 0) nach Anspruch 2, wo- 
bei die gemeinsame Warmeubertragungsbauteil- 
einrichtung (86, 88, 90, 92) umfaBt einen gemein- 
samen primaren Warmetauscher (86) und einen 
gemeinsamen sekundaren Warmetauscher (88), 
die in einem Kanal (100) angeordnet sind, der das 
Kuhlfluid in einer Warmeaustauschbeziehung mit 
der Versorgungsluft leitet, welche durch den ge- 
meinsamen primaren Warmetauscher (86) und den 
gemeinsamen sekundaren Warmetauscher (88) 
hindurchgeht. 

4. Integrierte Klimaanlage (1 0) nach Anspruch 3, wo- 
bei die gemeinsame Warmeubertragungsbauteil- 
einrichtung (86, 88, 90, 92) weiter umfaBt einen ge- 
meinsamen Nacherhitzer (90), der so angeordnet 
ist, daB er komprimierte Versorgungsluft in einer 
Warmeaustauschbeziehung mit gekuhlter Versor- 
gungsluft leitet, wobei die gekuhlte Versorgungsluft 
als ein sekundares Kuhlfluid dient, und einen ge- 
meinsamen Kondensator (92), der so angeordnet 
ist, daB er die komprimierte Versorgungsluft in einer 
Warmeaustauschbeziehung mit dekomprimierter, 
gekuhlter Versorgungsluft leitet, wobei die dekom- 
primierte, gekuhlte Versorgungsluft als ein tertiares 
Kuhlfluid dient. 

5. Integrierte Klimaanlage (10) nach Anspruch 3, wo- 
bei das Kuhlfluid Staudruck-Luft umfaBt, die von au- 
Berhalb der integrierten Klimaanlage (10) Liber ei- 
nen Staudruck-Luftkanal (100) angesaugt wird,der 
den gemeinsamen primaren Warmetauscher (86), 
den gemeinsamen sekundaren Warmetauscher 
(88), das erste Geblase (72) und das zweite Gebla- 
se (80) beherbergt, wobei die Drehung des ersten 
Geblases (72) und des zweiten Geblases (80) die 
Bewegung der Staudruck-Luft durch den gemein- 
samen primaren (86) und den gemeinsamen se- 
kundaren Warmetauscher (88) unterstutzt. 

6. Integrierte Klimaanlage (10) nach Anspruch 2, wo- 
bei die Versorgungsfluidliefereinrichtung die Ver- 
sorgungsluft in einer ersten Kompressorleitung 
(tt9) zu dem ersten Kompressor (74) und in einer 
separaten zweiten Kompressorleitung (120) zu 
dem zweiten Kompressor (82) liefert und die Ver- 
sorgungsluft in einer ersten Turbinenforderleitung 
(136) an die erste Turbine (76) und in einer separa- 
ten zweiten Turbinenforderleitung (138) an die 



zweite Turbine (84) liefert und die Versorgungsluft 
in gemeinsamen Lieferleitungen iiber die gemein- 
same Warmeubertragungsbauteileinrichtung (86, 
88, 90, 92) an den Verbraucher liefert. 

5 

7. Integrierte Klimaanlage (1 0) nach Anspruch 6, wo- 
bei die Absperrventileinrichtung aufweist: 

a. ein erstes Absperrventil (96), das in der er- 
10 sten Turbinenforderleitung (136) befestigt ist 

und ein zweites Absperrventil (98), das in der 
zweiten Turbinenforderleitung (138) befestigt 
ist, zum wahlweisen Absperren der Lieferung 
der Versorgungsluft an entweder die erste Tur- 
15 bine (76) Oder die zweite Turbine (84); und 

b. eine Erfassungseinrichtung (162, 164) in 
elektrischer Verbindung mit dem ersten und 
dem zweiten Absperrventil (96, 98) zum wahl- 
weisen Absperren der Lieferung der Versor- 

20 gungsluft an entweder die erste Turbine (76) 

Oder die zweite Turbine (84) zum Stoppen der 
Drehung der ersten (70) oder der zweiten Welle 
(78) immer dann, wenn die Erfassungseinrich- 
tung (162, 164) eine Unterbrechung in dem 

25 Strom der klimatisierten Versorgungsluft aus 

entweder der ersten Turbine (76) oder der 
zweiten Turbine (84) erkennt so daB die Ver- 
sorgungsluft weiterhin durch den Kompressor 
(74, 82) und die Turbine (76, 84) auf der dre- 

30 henden Welle (70, 78) mechanisch komprimiert 

und gekuhlt wird und weiterhin durch die ge- 
meinsame Warmeubertragungsbauteileinrich- 
tung (86, 88, 90, 92) gekuhlt wird, wenn die An- 
lage (10) in einer redundanten Betriebsart ar- 

35 beitet. 

8. Integrierte Klimaanlage (10) nach Anspruch 7, wo- 
bei die Erfassungseinrichtung (162, 164) einen er- 
sten Kompressortemperaturwachter (162) in elek- 

40 trischer Verbindung mit dem ersten Kompressor 
(74) und einem ersten Absperrventil (96) zum Uber- 
wachen einer Temperatur der Versorgungsluft in- 
nerhalb des ersten Kompressors (74) und zum Ab- 
sperren des ersten Absperrventils (96) bei dem Er- 

45 kennen einer unerwunschten Verso rgungslufttem- 
peratur innerhalb des ersten Kompressors (74) hat 
und einen zweiten Kompressortemperaturwachter 
(164) in elektrischer Verbindung mit dem zweiten 
Kompressor (82) und dem zweiten Absperrventil 

50 (98) zum Uberwachen der Temperatur der Versor- 
gungsluft innerhalb des zweiten Kompressors (82) 
und zum Absperren des zweiten Absperrventils bei 
dem Erkennen e'rner unerwunschten Versorgungs- 
lufttemperatur innerhalb des zweiten Kompressors 

55 (82). 

9. Integrierte Klimaanlage (1 0) nach Anspruch 8, wo- 
bei die gemeinsame Warmeubertragungsbauteil- 
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einrichtung (86, 88, 90 92) einen gemeinsamen pri- 
maren Warmetauscher (86) und einen gemeinsa- 
men sekundaren Warmetauscher (88) aufweist, die 
in einem Kanal (100) angeordnet sind, der das 
Kuhlfluid in einer Warmeaustauschbeziehung mit 
der Versorgungsluft leitet, die durch den gemeinsa- 
men primaren Warmetauscher (86) und den ge- 
meinsamen sekundaren Warmetauscher (88) hin- 
durchgeht. 

10. Integrierte Klimaanlage (10) nach Anspruch 9, wo- 
bei die gemeinsame Warmeubertragungsbauteil- 
einnchtung (86, 88, 90, 92) weiter einen gemeinsa- 
men Nacherhitzer (90) aufweist. der so angeordnet 
ist. daf3 er komprimierte Versorgungsluft in einer 
Warmeaustauschbeziehung mit gekuhlter Versor- 
gungsluft leitet. wobei die gekuhlte Versorgungsluft 
als ein sekundares Kuhlfluid dient, und einen ge- 
meinsamen Kondensator (92) : der so angeordnet 
ist. daR ei komprimierte Veisorgungsluft in einer 
Warmeaustauschbeziehung mit dekomprimierter, 
gekuhlter Versorgungsluft leitet : wobei die dekom- 
primierte. gekuhlte Versorgungsluft als ein tertiares 
Kuhlfluid dicnt. 

11. Integrierte Klimaanlage (10) nach Anspruch 10, wo- 
bei das Kuhlfluid Staudruck-Luft umfafBt, die von au- 
Oerhalb der integrierten Klimaanlage (10) uber ei- 
nen Staudruck-Luftkanal (1 00) angesaugt wird, der 
den gemeinsamen primaren Warmetauscher (86), 
den gemeinsamen sekundaren Warmetauscher 
(88) behcrbcrgt und das ersle Geblase (72) inner- 
halb cincs crslcn Gcblaseqehauses (106) und das 
zweite Gcolasc (80) mncrhalb eines zweiten Gebla- 
segehauses (1 08). so daf3 eine Drehung des ersten 
Geblases (72) und des zweiten Geblases (80) die 
Staudruck-Luft /uerst durch den gemeinsamen pri- 
maren Warmetauscher (86) und den gemeinsamen 
sckuncarcn Warmetauscher (88) und dann durch 
das crstc Gcblasegehause (106) und das zweite 
Gcblasegehause (108) saugt. 

12. Integrierte Klimaanlage (10) nach Anspruch 11 .wo- 
bei das erstc Gcblasegehause (106) weiter ein er- 
stes Staudruck-Auslaftruckschlagventil (110) auf- 
weist. das stromabwarts des ersten Geblases (72) 
angeordnet ist. und wobei das zweite Geblasege- 
hause (108) weiter ein zweites Staudruck- 
AuslaOruckschlagventil (112) aufweist, das strom- 
abwarts des zweiten Geblases (80) angeordnet ist. 

13. Integrierte Klimaanlage (10) nach Anspruch 7, wo- 
bei die Versorgungsfluidliefereinrichtung ein erstes 
Kompressorruckschlagventil (121) aufweist, das in 
der ersten Kompressorleitung (119) stromaufwarts 
des ersten Kompressors (74) befestigt ist und eine 
umgekehrte Stromung von irgendwelchem Versor- 
gungsftuid durch den ersten Kompressor (74) im- 



mer dann verhindert, wenn der erste Kompressor 
(74) nicht arbeitet, wahrend die Anlage (10) in der 
redundanten Betriebsart arbeitet. und wobei die 
Versorgungsfluidliefereinrichtung auch ein zweites 

5 Kompressorruckschlagventil (122) aufweist, das in 

der zweiten Kompressorleitung (120) stromauf- 
warts des zweiten Kompressors befestigt ist und ei- 
ne umgekehrte Stromung von irgendwelchem Ver- 
sorgungsfluid durch den zweiten Kompressor (82) 

10 immer dann verhindert, wenn der zweite Kompres- 
sor (82) nicht arbeitet, wahrend die Anlage (10) in 
der redundanten Betriebsart arbeitet. 

1 4. Integrierte Klimaanlage (1 0) nach Anspruch 1 3, wo- 
ts bei die Erfassungseinrichtung (162, 164) einen er- 
sten Kompressortemperaturwachter (162) in elek- 
trischer Verbindung mit dem ersten Kompressor 
(74) und dem ersten Absperrventil (96) aufweist 
zum Uberwachen einer Temperatur der Versor- 

20 gungsluft innerhalb des ersten Kompressors (74) 

und zum Absperren des ersten Absperrventils (96) 
bei dem Erkennen einer unerwunschten Versor- 
gungslufttemperatur innerhalb des ersten Kom- 
pressors (74), und einen zweiten Kompressortem- 

25 peraturwachter(164) in elektrischer Verbindung mit 

dem zweiten Kompressor (82) und dem zweiten Ab- 
sperrventil (98) zum Uberwachen der Temperatur 
der Versorgungsluft innerhalb des zweiten Kom- 
pressors und zum Absperren des zweiten Absperr- 

30 ventils (98) bei dem Erkennen einer unerwunschten 
Versorgungslufttemperatur innerhalb des zweiten 
Kompressors (82). 

15. Integrierte Klimaanlage (10) nach Anspruch 14, wo- 
35 bei die Versorgungsfluidleitung ein erstes Kom- 
pressorruckschlagventil (121) enthalt, das in der er- 
sten Kompressorleitung (119) stromaufwarts des 
ersten Kompressors (74) befestigt ist und eine um- 
gekehrte Stromung von irgendwelchem Versor- 

40 gungsfluid durch den ersten Kompressor (74) im- 
mer dann verhindert, wenn der erste Kompressor 
(74) nicht arbeitet, wahrend die Anlage (10) in der 
redundanten Betriebsart arbeitet, und wobei die 
Versorgungsfluidleitung auBerdem ein zweites 

45 Kompressorruckschlagventil (122) enthalt, das in 
der zweiten Kompressorleitung (120) stromauf- 
warts des zweiten Kompressors (82) befestigt ist 
und eine umgekehrte Stromung von irgendwel- 
chem Versorgungsfluid durch den zweiten Kom- 

50 pressor (82) immer dann verhindert, wenn der zwei- 

te Kompressor nicht arbeitet, wahrend die Anlage 
(10) in der redundanten Betriebsart arbeitet. 

16. Integrierte Klimaanlage (10) nach Anspruch 15, 
55 weiter mit einem gemeinsamen Nacherhitzer (90), 

der so angeordnet ist. daft er komprimierte Versor- 
gungsluft in einer Warmeaustauschbeziehung mit 
gekuhlter Versorgungsluft leitet, wobei die gekuhlte 
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Versorgungsluft als ein sekundares Kuhlfluid wirkt, 
und mit einem gemeinsamen Kondensator (92), der 
so angeordnet ist, daB er komprimierte Versor- 
gungsluft in einer Warmeaustauschbeziehung mit 
dekomprimierter, gekuhlter Versorgungsluft leitet, 
wobei die dekomprimierte, gekuhlte Versorgungs- 
luft als ein tertiares Kuhlfluid wirkt. 

17. }ntegrierteKlimaanlage(10)nach Anspruch 16, wo- 
bei der Staudruck-Luftkanal (1 00) ein erstes Gebla- 
segehause (106) aufweist, welches das erste Ge- 
blase (72) beherbergt, und ein zweites Geblasege- 
hause (108), welches das zweite Geblase (80) be- 
herbergt, so daB eine Drehung des ersten Geblases 
(72) und des zweiten Geblases (80) das Staudruck- 
Luft-Kuhlfluid zuerst durch den gemeinsamen pri- 
maren Warmetauscher (86) und den gemeinsamen 
sekundaren Warmetauscher (88) und dann durch 
das erste Geblasegehause (106) und das zweite 
Geblasegehause (108) saugt. 

1 8. I ntegrierte Klimaanlage (10) nach Anspruch 1 7, wo- 
bei das erste Geblasegehause (100) weiter ein er- 
stes Staudruck-AuslaBruckschlagventil (110) auf- 
weist, das stromabwarts des ersten Geblases (72) 
angeordnet ist, und wobei das zweite Geblasege- 
hause (108) weiter ein zweites Staudruck- 
AuslaBriickschlagventil (112) aufweist, das strom- 
abwarts des zweiten Geblases (80) angeordnet ist. 



Revendications 

1 . Systeme integre de regulation de I'air ambiant (10) 
pour delivrer de I'air fourni conditionne a une char- 
ge, qui comprend : 

a. des premiers moyens formant arbre (70, 72, 
74. 76) pour comprimer et ref roidir mecanique- 
ment I'air fourni ; 

b. des seconds moyens formant arbre (78, 80, 
82, 84) pour comprimer et refroidir mecanique- 
ment I'air fourni ; 

c. des moyens formant composants de trans- 
fert thermique communs (88, 86, 90, 92) pour 
refroidir Pair fourni par une relation d'echange 
thermique avec un fluide de refroidissement ; 

d. des moyens de distribution de fluide fourni 
pour distribuer I'air fourni separement dans les 
premiers moyens formant arbre (70, 72, 74, 76) 
et dans les seconds moyens formant arbre (78, 
80. 82, 84) et pour delivrer I'air fourni en com- 
mun par I'intermediaire des moyens formant 
composants de transfert thermique communs 
(86, 88, 90, 92) a la charge ; et 

e. des moyens formant vanne d'arret (98, 160, 
95. 158) pour arreter de maniere selective la 
distribution de I'air fourni, soit aux premiers 



moyens formant arbre (70, 72, 74, 76), soit aux 
seconds moyens formant arbre (78, 80, 82 ; 84), 
a chaque fois que les moyens formant vanne 
d'arret (98, 160, 95, 158) detectent une inter- 
ruption de la circulation de I'air fourni condition- 
ne a partir, soit des premiers (70, 72, 74, 76), 
soit des seconds (78, 80, 82, 84) moyens for- 
mant arbre, de sorte que I'air fourni continue 
d'etre conditionne par les moyens formant ar- 
bre non interrompus et par les moyens formant 
composants de transfert thermique communs 
(86, 88, 90, 92). 

2. Systeme integre de regulation de I'air ambiant (1 0) 
selon la revendication 1, dans lequel les premiers 
moyens formant arbre (70, 72, 74, 76)comprennent 
un premier arbre (70) comportant un premier venti- 
lateur (72) , un premier compresseur (74) et une pre- 
miere turbine (76) fixes mecaniquement au premier 
arbre (70) et les seconds moyens formant arbre (78, 
80, 82, 84) comprennent un second arbre (78) com- 
portant un second ventilateur (80), un second com- 
presseur (82) et une seconde turbine (84) fixes me- 
caniquement au second arbre (78). 

3. Systeme integre de regulation de I'air ambiant (1 0) 
selon la revendication 2, dans lequel les moyens 
formant composants de transfert thermique com- 
muns (86, 88, 90, 92) comprennent un echangeur 
de chaleur principal commun (86) et un echangeur 
de chaleur secondaire commun (88) positionnes 
dans un conduit (100) dirigeant le fluide de refroi- 
dissement dans une relation d'echange thermique 
avec I'air fourni passant a travers I'echangeur de 
chaleur principal commun (86) et I'echangeur de 
chaleur secondaire commun (88). 

4. Systeme integre de regulation de I'air ambiant (1 0) 
selon la revendication 3, dans lequel les moyens 
formant composants de transfert thermique com- 
muns (86, 88, 90, 92) comprennent, de plus, un re- 
chauffeur commun (90) positionne afin de laisser 
passer I'air fourni comprime dans une relation 
d'echange thermique avec I'air fourni refroidi dans 
laquelle I'air fourni refroidi agit comme un fluide de 
refroidissement secondaire, et un second conden- 
seur (92) positionne de maniere a laisser passer 
I'air fourni comprime dans une relation d'echange 
thermique avec I'air fourni refroidi decomprime 
dans laquelle I'air fourni refroidi decomprime agit 
comme un fluide de refroidissement tertiaire. 

5. Systeme rntegre de regulation cfe rarr ambiant (10) 
selon la revendication 3, dans lequel le fluide de re- 
froidissement comprend de I'air dynamique aspire 
de I'exterieur du systeme integre de regulation de 
I'air ambiant (10) par I'intermediaire d'un conduit 
d'air dynamique (100) qui abrite I'echangeur de 
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chaleur principal commun (86), Pechangeur de cha- 
leursecondairecommun (88), le premier ventilateur 
(72) et le second ventilateur (80), dans lequel la ro- 
tation du premier ventilateur (72) et du second ven- 
tilateur (80) contribue au deplacement de Pair dyna- 5 
mique a travers les echangeurs de chaleur com- 
muns principal (86) et secondaire (88). 

6. Systeme integre de regulation de I'air ambiant (10) 
selon la revendication 2, dans lequel les moyens de to 
distribution de fluide fourni delivrent Pair fourni dans 
une premiere ligne de compresseur (119) au pre- 
mier compresseur (74) et dans une seconde ligne 

de compresseur (120) distincte au second com- 
presseur (82), et pour delivrer Pair fourni dans une J 5 
premiere ligne d'alimentation de turbine (136) a la 
premiere turbine (76) et dans une seconde lignes 
d'alimentation de turbine (1 38) distincte a la secon- 
de turbine (84), et pour delivrer I'air fourni dans des 
lignes de distribution communes par Pintermediaire 20 
des moyens formant composants de transfert ther- 
mique communs (86, 88, 90. 92) a la charge. 

7. Systeme integre dc regulation dc Pair ambiant (10) 
selon la revendication 6, dans lequel les moyens 25 
formant vanne d'arret comprennent : 

a. une premiere vanne d'arret (96) fixee a la 
premiere ligne d'alimentation de turbine (136) 

et une seconde vanne d'arret (98) fixee a la se- 30 
conde ligne d'alimentation de turbine (138) 
pour arreter de maniere selective la distribution 
de Pair fourni, soit a la premiere turbine (76), 
soit a la seconde turbine (84) ; et 

b. des moyens de detection (1 62, 1 64) en com- 35 
munication electrique avec les premiere et se- 
conde vannes d'arret (96, 98) pour arreter de 
maniere selective la distribution de Pair fourni, 
soit a la premiere turbine (76). soit a la seconde 
turbine (84). afin darreter la rotation du premier 40 
(70) ou du second (78) arbre a chaque fois que 

les moyens de detection (162, 164) detectent 
une interruption de la circulation de I'air fourni 
conditionne a partir. soit de la premiere turbine 
(76). soit de la seconde turbine (84), de sorte -*5 
que Pair tourni continue d'etre comprime et re- 
frotdi mecaniquement par le compresseur (74, 
82) et la turbine (76, 84) sur I'arbre rotatif (70, 
78) et continue d'etre refroidi par les moyens 
formant composants de transfert thermique 50 
communs (86, 88. 90, 82) alors que le systeme 
(10). fonctionnc dans un mode dc fonctionne- 
ment redondant. 

8. Systeme integre de regulation de I'air ambiant (10) 55 
selon la revendication 7. dans lequel les moyens de 
detection (162, 164) comprennent un premier dis- 
positif de surveillance de temperature de compres- 



seur (162) en communication electrique avec le 

premier compresseur (74) et la premiere vanne 

d'arret (96) pour surveiller une temperature de Pair 

fourni a I'interieur du premier compresseur (74) et 

pour termer la premiere vanne d'arret (96) lors de 

la detection d'une temperature d'air fourni non sou- j. 

haitee a I'interieur du premier compresseur (74), et 

un second dispositif de surveillance de temperature 

de compresseur (1 64) en communication electrique 

avec le second compresseur (82) et la seconde 

vanne d'arret (98) pour surveiller la temperature de 

I'air fourni a I'interieur du second compresseur (82) 

et pour fermer la seconde vanne d'arret lors de la 

detection d'une temperature d'air foumi non souhai- 

tee a I'interieur du second compresseur (82). 

9. Systeme integre de regulation de Pair ambiant (1 0) 
selon la revendication 8, dans lequel les moyens 
formant composants de transfert thermique com- 
muns (86, 88, 90, 92) comprennent un echangeur 
de chaleur principal commun (86) et un echangeur 
de chaleur secondaire commun (88) positionnes a 
I'interieur d'un conduit (100) dirigeant le fluide de 
refroidisscment dans unc relation d'echange ther- 
mique avec I'air fourni passant a travers Pechan- 
geur de chaleur principal (86) et Pechangeur decha- 
leur secondaire commun (88). 

10. Systeme integre de regulation de Pair ambiant (1 0) 
selon la revendication 9, dans lequel les moyens 
formant composants de transfert thermique com- 
muns (86, 88, 90, 92) comprennent, de plus, un re- 
chauffeur commun (90) positionne afin de laisser 
passer Pair fourni comprime dans une relation 
d'echange thermique avec Pair fourni refroidi dans 
laquelle Pair fourni refroidi agit comme un fluide de 
refroidissement secondaire, et un condenseur com- 
mun (92) positionne afin de laisserpasser I'air fourni 
comprime dans une relation d'echange thermique 
avec I'air fourni refroidi decomprime dans laquelle 
Pair fourni refroidi decomprime agit comme un fluide 
de refroidissement tertiaire. 

11. Systeme integre de regulation de I'air ambiant (10) 
selon la revendication 10, dans lequel le fluide de 
refroidissement comprend de Pair dynamique aspi- 
re de Pexterieur du systeme integre de regulation 
de Pair ambiant (1 0) a travers un conduit d'air dyna- 
mique (1 00) qui abrite Pechangeur de chaleur prin- 
cipal commun (86), Pechangeur de chaleur secon- 
daire commun (88), et abrite le premier ventilateur 
(72) dans un premier logemcnt dc ventilateur (1 06) 
et abrite le second ventilateur (80) dans un second 
logement de ventilateur (1 08), de sorte que la rota- 
tion du premier ventilateur (72) et du second venti- 
lateur (80) aspire Pair dynamique d'abord a travers 
Pechangeur de chaleur principal commun (86) et 
Pechangeur de chaleur secondaire commun (88) et 
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ensuite a travers le premier logement de ventilateur 
(106) et le second logement de ventilateur (108). 

12. Systeme integre de regulation de I'airambiant (10) 
selon la revendication 1 1 , dans lequel le premier lo- 5 
gement de ventilateur (1 06) comprend, de plus, un 
premier clapet de non-retour de decharge dynami- 
que (110) positionne en aval du premier ventilateur 
(72) et le second logement de ventilateur (108) 
comprend. de plus, un second clapet de non-retour io 
de decharge dynamique (112) positionne en aval du 
second ventilateur (80). 

13. Systeme integre de regulation de I'airambiant (10) 
selon la revendication 7, dans lequel les moyens de ™ 
distribution de fluide fourni comprennent un premier 
clapet de non-retour de compresseur (1 21 ) fixe a la 
premiere ligne de compresseur (119) en amont du 
premier compresseur (74) qui empeche la circula- 
tion inverse de tout fluide fourni a travers le premier 20 
compresseur (74) a chaque fois que le premier 
compresseur (74) ne fonctionne pas tandis que le 
systeme (1 0) fonctionne dans le mode de fonction- 
ncmcnt rcdondant ; ct les moyens de distribution de 
fluide fourni comprennent egalement un second *s 
clapet de non-retour de compresseur (1 22) fixe a la 
seconde ligne de compresseur (120) en amont du 
second compresseur qui empeche la circulation in- 
verse de tout fluide fourni a travers le second com- 
presseur (82) a chaque fois que le second compres- 30 
seur (82) ne fonctionne pas tandis que le systeme 
(1 0) fonctionne dans le mode de fonctionnement re- 
dondant. 

14. Systeme integre de regulation de l air ambiant (10) 35 
selon la revendication 13. dans lequel les moyens 
de detection (162. 164)'comprennent un premier 
dispositif de surveillance de temperature de com- 
presseur (162) en communication electrique avec 
le premier compresseur (74) et la premiere vanne 40 
d'arret (96) pour surveiller une temperature de I'air 
fourni a rintcrieur du premier compresseur (74) et 
pour former la premiere vanne d'arret (96) lors de 
la detection d'une temperature d'air fourni non sou- 
haitee a I'intonour du premier compresseur (74), et ■« 
un second dispositif de surveillance de temperature 
de compresseur (1 64) en communication electrique 
avec le second compresseur (82) et la seconde 
vanne d'arret (98) pour surveiller la temperature de 
I'air fourni a I'mterieur du second compresseur et so 
pour fermer la seconde vanne d'arret (98) lors de la 
detection d'unc temperature d'air fourni non souhai- 
tee a I'interieur du second compresseur (82). 

15. Systeme integre de regulation de I'airambiant (10) 55 
selon la revendication 14, dans lequel la ligne de 
fluide fourni comprend un premier clapet de non- 
retour de compresseur (1 21 ) fixe a la premiere ligne 



de compresseur (119) en amont du premier com- 
presseur (74) qui empeche la circulation inverse de 
tout fluide fourni a travers le premier compresseur 
(74) a chaque fois que le premier compresseur (74) 
ne fonctionne pas tandis que le systeme (10) fonc- 
tionne dans le mode de fonctionnement redondant, 
et la ligne de fluide fourni comprend egalement un 
second clapet de non-retour de compresseur (122) 
fixe a la seconde ligne de compresseur (120) en 
amont du second compresseur (82) qui empeche 
la circulation inverse de tout fluide fourni a travers 
le second compresseur (82) a chaque fois que le 
second compresseur ne fonctionne pas tandis que 
le systeme (10) fonctionne dans le mode de fonc- 
tionnement redondant. 

16. Systeme integre de regulation de I'air ambiant (10) 
selon la revendication 15, comprenant, de plus, un 
rechauffeur commun (90) positionne afin de laisser 
passer I'air fourni comprime dans une relation 
d'echange thermique avec I'air fourni refroidi dans 
laquelle I'air fourni refroidi agit comme un fluide de 
ref roidissement secondaire, et un condenseur com- 
mun (92) positionne afin de laisserpasser I'airfourni 
comprime dans une relation d'echange thermique 
avec I'air fourni refroidi decomprime dans laquelle 
I'airfourni refroidi decomprime agit comme un fluide 
de refroidissement tertiaire. 

17. Systeme integre de regulation de I'air ambiant (1 0) 
selon la revendication 16, dans lequel le conduit 
d'air dynamique (100) comprend un premier loge- 
ment de ventilateur (106) qui abrite le premier ven- 
tilateur (72) et comprend un second logement de 
ventilateur (108) qui abrite le second ventilateur 
(80), de sorte que la rotation du premier ventilateur 
(72) et du second ventilateur (80) aspire le fluide de 
refroidissement d'air dynamique d'abord a travers 
I'echangeur de chaleur principal commun (86) et 
I'echangeur de chaleur secondaire commun (88) et 
ensuite a travers le premier logement de ventilateur 
(106) et le second logement de ventilateur (108). 

18. Systeme integre de regulation de I'air ambiant (10) 
selon la revendication 1 7, dans lequel le premier lo- 
gement de ventilateur (106) comprend, de plus, un 
premier clapet de non-retour de decharge dynami- 
que (110) positionne en aval du premier ventilateur 
(72) et le second logement de ventilateur (108) 
comprend, de plus, un second clapet de non-retour 
de decharge dynamique (112) positionne en aval du 
second ventilateur (80). 
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